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Describe Algorithms
Hyperion Compression Results
Onboard Processing Requirements

Onboard Processor Design
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Dominant/ Compression
Anomalous » Spectral
Pixel Separation « Spatial

Multispectral Size

with Hyperspectral
Fidelity
Step 1: Step 2:
1. Identifies anomaly locations A. Compressed Hypercube
2. Determines pixel model order B. Endmember Fractions
3. Produces Dominant Subspace Model C. Dominant Subspace Fractions
4. Anomalous Subspace Endmembers &
Classes
5. Produces Full Endmember Description
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HSI Compression Evaluation

Analytical Analysis

EO-1 Science Team Evaluations

Dr. Steve Unger / Dr. Lawrence Ong — NASA GSFC
Dr. Jay Peariman — TRW/Boeing

Dr. David Goodenough — Canadian Forest Service

Dr. Seth Orloff — MIT Lincoln Labs
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Definitions

Spectral Angle (SA) Error

— Pixel Vector (V) =v, +v, + ... Viapands

— SA = arccos(Vo-Vc/(mag(Vo) x mag(Vc)))

Root Mean Squared Error (RMSE)
- RMSE = Nhygjuacs

# Pixels

Signal-to-Noise Ratio (SNR)

(2
O
®
Y
q
3
®
>
7
o
o
q
-
] ©
)
=
o
S
o
o
®
=t
o
@
S
(s
@
)

“P” Denotes Pixel Within a Band Subscript “O” Denotes Original Data Cube
2. Denotes Sum Over Pixels within Band Subscript “C” Denotes Compressed Data Cube
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Coleambally Scene — Hyperion Spectral Angle Error Map
Large Image Compression = 99:1

Average = 1.37 Degrees
Sigma = 0.403 Degrees

0 Degrees 7.9

Spectral Angle Error Histogram
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Coleambally Error Analysis

Coleambally
cube( 28)=19.298 cube{ 60)=27 219 cube( 99)=34 653
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Comp Ratio= 281
— Comp Ratio= 601
—— Comp Ratio= 99:1
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Cuprite Scene - Hyperion Spectral Angle Error Map
~ Large Image Compression = 105:1

Average = 1.37 Degrees

e Sigma = 0.29 Degrees
0 Degrees 4.4

Spectral Angle Error Histogram
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Cuprite Error Analysis

Cuprite
cubel{ 26)=17 459 cube( 58)=24.181 cube( 105)=31.857

Zomp Ratio= S81

Zomp Ratio= 261
Comp Ratio= 1051
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GVWD Hyperlon Spectral Angle Error Map
Large Image Compression = 10:1

Average = 0.53 Degrees
Sigma = 0.17 Degrees
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Degrees 2.37

Spectral Angle Error Histogram
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GVWD - Hyperion Spectral Angle Error Map
Large Image Compression = 22:1

Average = 0.84 Degrees
Sigma = 0.30 Degrees

- ——
Degrees 4.61

Spectral Angle Error Histogram
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GWwWD Compression
cube=8.891 cube=13.884 cube=0.000
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EO-1 Scientists Evaluation Results

Comp Ratio Evaluation Observations for the Coleambally Scene

99:1 Some Classification Error (<1%)

60:1 No Classification Error

Some Minimum Noise Fraction (MNF) Analysis Error
28:1 No Observed Error
Analyzed by Dr. Jay Peariman- EO-1 Science Team

Comp Ratio Evaluation Observations for the GVWD Scene

22:1 No Observed Error

Analyzed by Dr. David Goodenough — EO-1 Science Team
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OBP Continuous /
Current Enhanced Real-time
Hyperion Hyperion  Hyperion Future*

Area Coverage Per Day (KM?/day) 14.7 K 1.5 M 4.5M 117 M
OBP Rate Requirement (GFLOPS) 0.02 2 6 )
Data Transmission Req. (Gigabits/day) 67 67 201 5360
Sensor Characteristics: Current Hyperion Operational Characteristics
* Pixel Spatial Resolution — 30m * 6 Downlinks/day
* # Spectral Bands — 220 » 2 Image Swaths per Downlink

* Sensor Data Generation Rate — 150 mbps * Image Swath Width — 7.65 KM
* Image Swath Length — 160 KM

* “Earth Science Enterprise Technology Planning Workshop on High Performance Spectrometry”
May 12, 2000 (Hyperion Sensor with 250 KM Swath Width and SNR = 1000:1 VNIR and 500:1 NIR)
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Special Purpose Hardware

« Custom FPGA Hyperspectral Compression PCI Card

MAX Card
Architecture
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Multiply Accumulate

Array (x16) XCVv1000

Math
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Instruction
Flow Parameter

R/ c c Future
ontrol ontroller S
Interfaces

Control & Control
Arbitration

XCV300
Control &

Status Instruction
Registers Queue

PCI I/E

Host Bus | (32-bit 33MHz)

(32-bit 100MHz) '
FIFO
SDRAM SEIRAY Buff Data Xfer




